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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to an optical recording medium and a method for optically recording information 
in the optical recording medium and, particularly, to a write-once type optical recording medium which can be fabricated 
using materials that apply only light load to the environment and into which information can be recorded with high 
sensitivity and from which information can be reproduced with high sensitivity, and a method for optically recording 
information in the write-once type optical recording medium with high sensitivity. 

10 

DESCRIPTION OF THE PRIOR ART 

[0002] A write-once type optical recording medium is constituted so that information can be written once in a recording 
layerthereof. Illustrative examples of the write-once type optical recording medium include the CD-R, DVD-R, photo-CD 
15 and the like. 

[0003] Such write-once type optical recording media require improvement not only in ability to record large amounts 
of information at high speed, high density and high sensitivity, but also in ability to store recorded information for a long 
time as initially recorded information, i.e., without degradation. Increasing concern about global atmospheric problems 
further makes it necessary to fabricate the write-once type optical recording media with materials which apply minimal 

20 load to the environment. 

[0004] There are known a write-once type optical recording media having a recording layer containing an organic 
dye material as a primary component and a write-once type optical recording medium having a recording layer con- 
taining a metal element (or non-metal element) as a primary component. The former is currently the predominant type. 
[0005] On the other hand, the need to record information at high density makes it necessary to record and read 

25 information using a short-wavelength laser beam such as a blue laser beam. However, no organic dye material enabling 
information to be recorded using a blue laser beam has yet been put to practical use. 

[0006] Therefore, write-once type optical recording media having a recording layer containing a metal element as a 
primary component have been the subject of various studies regarding the design of the internal structure of the re- 
cording layer and other layers disposed in the vicinity thereof and also regarding methods for recording information 
30 therein. 

[0007] Methods studied for recording information in a write-once type optical recording medium include, for example, 
a deformation method that changes the reflection coefficient of local regions of a recording layer (forms the recording 
layer with pits or bubbles or changes its surface shape) and a phase change method that changes the reflection co- 
efficient or refractive index of a recording layer by changing it from crystal phase to amorphous phase 
35 [0008] However, in the case of recording information in a write-once type optical recording medium using a defor- 
mation method or a phase change type method, the recording sensitivity is poor and information initially recorded 
degenerates, making it impossible to keep the recorded information for a long time. 

[0009] Further, there has been also studied an inter-diffusion method that utilizes the thermal diffusion of an element 
upon irradiation with a laser beam to invert the concentration distribution of the element in local regions irradiated with 
40 the laser beam and the concentration distribution of the element in surrounding regions, thereby recording information 
by changing the reflection coefficient (as taught by, for example, Japanese Patent Application Laid Open No. 
2000-187884). 

[0010] In the case of recording information in a write-once optical recording medium using an inter-diffusion type 
method, it is possible to record information with higher sensitivity than by the deformation method or the phase change 
45 method but the recording speed is by no means satisfactory. 

[001 1] To the contrary, Japanese Patent Application Laid Open No. 62-204442 proposes an optical recording medium 
in which two recording layers containing different metal elements (or non-metal elements) as their primary components 
are disposed between two layers containing dielectric materials. 

[0012] In the case where this optical recording medium is used as a write-once optical recording medium, information 
so is recorded by projecting a laser beam onto local regions of the two recording layers to form a eutectic alloy containing 

the different elements constituting the respective recording layers and thus change the reflection coefficients of each 

pair of regions (this method is hereinafter referred to as the "eutectic crystallization method"). 

[0013] Therefore, since the recording layers are disposed between the two layers containing dielectric materials, 

when information is recorded using a laser beam, it is possible to prevent scattering of the materials forming the re- 
55 cording layers and formation of holes in the recording layers, whereby thermal deformation can be prevented. As a 

result, both the recorded-information storage characteristic and the reproduction sensitivity of the recorded information 

can be improved. 

[0014] However, in the optical recording medium disclosed in Japanese Patent Application Laid Open No. 62-204442 
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and using the eutectic method, it is difficult to store the initially recorded information in the recording layers in a good 
condition over the long term. 

[0015] Further, since the surface smoothness of this optical recording medium is not necessarily good, the initial 
recording characteristic may be poor. 

5 

SUMMARY OF THE INVENTION 

[0016] It is therefore an object of the present invention to solve the problems of the above-described prior art and to 
provide an optical recording medium which has an excellent initial recording characteristic and can store recorded 
10 information in a good condition over the long term, and a method for optically recording information in the optical 
recording medium with high sensitivity. 

[0017] The inventors of the present invention vigorously pursued a study for accomplishing the above object and, 
as a result, made the surprising discovery that when a laser beam is used to record information in a recording medium 
composed of a first recording layer containing an element selected from the group consisting of Si, Ge, Sn, Mg, ln,Zn, 

*5 Bi and At as a primary component and a second recording layer containing Cu as a primary component, a mixed region 
including both the primary component element of the first recording layer and the primary component element of the 
second recording layer is formed to markedly change the region's reflection coefficient and enable information to be 
recorded with high sensitivity. They the further discovered that information initially recorded with high sensitivity in the 
recording medium can be stored for a long time by utilizing the large difference in reflection coefficient between the 

20 mixed region including the primary component element of the first recording layer and the primary component element 
of the second recording layer, and the other regions. 

[0018] The above and other objects of the present invention can therefore be accomplished by an optical recording 
medium comprising a substrate, a protective layer, a first recording layer containing an element selected from the group 
consisting of Si, Ge, Sn, Mg, In, Zn, Bi and Al as a primary component, and a second recording layer located in the 

25 vicinity of the first recording layer and containing Cu as a primary component. 

[0019] In the present invention, the statement that the first recording layer contains a certain element as a primary 
component means that the content of the element is maximum among the elements contained in the first recording 
layer, while the statement that the second recording layer contains Cu as a primary component means that the content 
of Cu is maximum among the elements contained in the second recording layer. 

30 [0020] In the present invention, it is not absolutely necessary for the second recording layer to be in contact with the 
first recording layer and it is sufficient for the second recording layer to be so located in the vicinity of the first recording 
layer as to enable formation of a mixed region including the primary component element of the first recording layer and 
the primary component element of the second recording layer when the region is irradiated with a laser beam. Further, 
one or more other layers such as a dielectric layer may be interposed between the first recording layer and the second 

35 recording layer. 

[0021] In the present invention, it is preferable to form the second recording layer so as to be in contact with the first 
recording layer. 

[0022] In the present invention, the optical recording medium may include one or more recording layers containing 
an element selected from the group consisting of Si, Ge, Sn, Mg, In, Zn, Bi and Al as a primary component or one or 
40 more recording layers containing Cu as a primary element, in addition to the first recording layer and the second 
recording layer. 

[0023] Although the reason why a mixed region including the primary component element of the first recording layer 
and the primary component element of the second recording layer can be formed when irradiated with a laser beam 
is not altogether clear, it is reasonable to conclude that the primary component elements of the first and second re- 
45 cording layers are partially or totally fused or diffused, thereby forming a region where the primary component elements 
of the first and second recording layers mix. 

[0024] The reflection coefficient that the region thus formed by mixing the primary component elements of the first 
and second recording layers exhibits with respect to a laser beam for reproducing information and the reflection coef- 
ficient that other regions exhibit with respect to the laser beam for reproducing information are considerably different 
50 and, therefore, recorded information can be reproduced with high sensitivity by utilizing such large difference in the 
reflection coefficients. 

[0025] Further, the inventors found that these elements apply only light load to the environment and that the recording 
layers including these elements have excellent surface smoothness. 

[0026] The initial recording characteristic can be particularly improved in comparison with conventional optical re- 
55 cording media when the second recording layer containing Cu as a primary component is formed by a vacuum depo- 
sition process or a sputtering process because the surface smoothness thereof becomes very good. Since the recording 
layers of the optical recording medium according to the present invention therefore have excellent surface smoothness, 
it is possible to markedly improve the recording characteristic when information is recorded by a laser beam having a 
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reduced spot diameter. Moreover, since Cu Is quite inexpensive, the cost of the materials used to fabricate the optical 
recording medium can be minimized. 

[0027] The above and other objects of the present invention can be also accomplished by a method for optically 
recording information in an optical recording medium comprising a substrate, a protective layer, a first recording layer 

s containing an element selected from the group consisting of Si, Ge, Sn, Mg, In, Zn, Bi and Al as a primary component, 
and a second recording layer located in the vicinity of the first recording layer and containing Cu as a primary component, 
the method for optically recording information comprising the step of irradiating the first recording layer and the second 
recording layer with a laser beam having a predetermined power via one of the substrate and the protective layer, 
thereby forming a region where the element contained in the first recording layer as a primary component and the 

10 element contained in the second recording layer as a primary component are mixed. 

[0028] In the present invention, it is preferable to form the second recording layer in contact with the first recording 
layer. 

[0029] In the present invention, it is preferable for the first recording layer to contain an element selected from the 
group consisting of Ge, Si, Mg, Al and Sn as a primary component. In the case where the first recording layer contains 
15 an element selected from the group consisting of Ge, Si, Mg, Al and Sn as a primary component, it is possible to further 
improve the C/N ratio of the reproduced signal. 

[0030] In the present invention, it is preferable to add at least one element selected from the group consisting of Al, 
Si, Zn, Mg, Au, Sn, Ge, Ag, P, Cr, Fe and Ti to the second recording layer and it is more preferable to add at least one 
element selected from the group consisting of Al, Zn, Sn and Au to the second recording layer. 

20 [0031] In the case where at least one element selected from the group consisting of Al, Si, Zn, Mg, Au, Sn, Ge, Ag, 
P, Cr, Fe and Ti or at least one kind of element selected from the group consisting of Al, Zn, Sn and Au is added to the 
second recording layer in this manner, it is possible to markedly improve the stability of the second recording layer 
against oxidation or sulfurization and to effectively prevent degradation of the appearance of the optical recording 
medium, such as by peeling of the second recording layer and the like owing to corrosion of Cu contained in the second 

25 recording layer as a primary component, and change in the reflection coefficient of the optical recording medium during 
long storage. 

[0032] In the present invention, it is preferable for the optical recording medium to further comprise a first dielectric 
layer between the protective layer and the one of the first and second recording layers located on the side of the 
protective layer and a second dielectric layer between the substrate and the other of the first and second recording 
30 layers. 

[0033] In the case where the optical recording medium further comprises a first dielectric layer between the protective 
layer and the one of the first and second recording layers located on the side of the protective layer and a second 
dielectric layer between the substrate and the other of the first and second recording layers, it is possible to reliably 
prevent the substrate or the protective layer from being deformed by heat when information is recorded therein by 
35 irradiation with a laser beam. Further, since it is possible to prevent Cu contained in the second recording layer as a 
primary component from being corroded, recorded information can be more effectively prevented from being degraded 
over the long term. 

[0034] In the present invention, it is preferable for the protective layer to have light transmittance ability and the first 
recording layer is preferably disposed on the side of the protective layer and the second recording layer is preferably 

40 disposed on the side of the substrate. In such a case, information can be recorded by a laser beam of lower power. 
[0035] In the present invention, it is preferable for the protective layer to have light transmittance ability and the 
optical recording medium to further comprise a reflective layer between the substrate and the second dielectric layer. 
In such a case, it is possible to increase the difference in reflection coefficient between a recorded region and an 
unrecorded region by a multiple interference effect, thereby obtaining a higher reproduced signal (C/N ratio). 

45 [0036] In the present invention, it is preferable for the substrate to have light transmittance ability and the first re- 
cording layer is preferably disposed on the side of the substrate and the second recording layer is preferably disposed 
on the side of the protective layer. In such a case, it is possible to increase the difference in reflection coefficient 
between a recorded region and an unrecorded region by a multiple interference effect, thereby obtaining a higher 
reproduced signal (C/N ratio). 

so [0037] In the present invention, it is preferable for the substrate to have light transmittance ability and the optical 
recording medium to further comprise a reflective layer between the substrate and the first dielectric layer. In such a 
case, it is possible to increase the difference in reflection. coefficient between a recorded region and an unrecorded 
region by a multiple interference effect, thereby obtaining a higher reproduced signal (C/N ratio). 
[0038] In the present invention, when the second recording layer is formed in contact with the first recording layer, 

55 it is preferable for the first recording layer to be disposed on the side of the protective layer and for the second recording 
layer to be disposed on the side of the substrate. This enables an improvement in the surface smoothness of the first 
recording layer formed in contact with the second recording layer because the surface smoothness of the second 
recording layer containing Cu as a primary component is excellent. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0039] 

s Figure 1 (a) is a schematic partially cutaway perspective view showing an optical recording medium which is a 

preferred embodiment of the present invention. 

Figure 1 (b) is a schematic enlarged cross-sectional view showing a section indicated by the symbol R In Figure 
1 (a). 

Figure 2 is a schematic enlarged cross-sectional view showing the section indicated by the symbol R in Figure 1 
10 after irradiation with a laser beam. 

Figure 3 is a schematic enlarged cross-sectional view showing an optical recording medium which is another 
preferred embodiment of the present invention. 

Figure 4 is a schematic enlarged cross-sectional view showing an optical recording medium which is another 
preferred embodiment of the present invention. 
15 Figure 5 is a schematic enlarged cross-sectional view showing an optical recording medium which is another 

preferred embodiment of the present invention. 

Figure 6 (a) is a graph showing how rate of reflection coefficient reduction varies with amount of additive in an 
optical recording medium fabricated in accordance with Working Example 11. 

Figure 6 (b) is a graph showing how noise level immediately after recording information and after storage test vary 
20 with amount of additive in an optica! recording medium fabricated in accordance with Working Example 11 . 

Figure 7 (a) is a graph showing how rate of reflection coefficient reduction varies with amount of additive in an 
optical recording medium fabricated in accordance with Working Example 12. 

Figure 7 (b) is a graph showing how noise level immediately after recording information and after storage test vary 
with amount of additive in an optical recording medium fabricated in accordance with Working Example 12. 
25 Figure 8 (a) is a graph showing how rate of reflection coefficient reduction varies with amount of additive in an 

optical recording medium fabricated in accordance with Working Example 13. 

Figure 8 (b) is a graph showing how noise level immediately after recording information and after storage test vary 

with amount of additive in an optical recording medium fabricated in accordance with Working Example 13. 

Figure 9 (a) is a graph showing how rate of reflection coefficient reduction varies with amount of additive in an 
30 optical recording medium fabricated in accordance with Working Example 14. 

Figure 9 (b) is a graph showing how noise level immediately after recording information and after storage test vary 

with amount of additive in an optical recording medium fabricated in accordance with Working Example 14. 

Figure 10 (a) is a graph showing how rate of reflection coefficient reduction varies with amount of additive in an 

optical recording medium fabricated in accordance with Working Example 15. 
35 Figure 10 (b) is a graph showing how noise level immediately after recording information and after a storage test 

vary with amount of additive in an optical recording medium fabricated in accordance with Working Example 15. 

[0040] The above and other objects and features of the present invention will become apparent from the following 
description and the corresponding drawings. 

40 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0041] As shown in Figure 1 (b), an optical recording medium 1 which is a preferred embodiment of the present 
invention includes a substrate 40, a protective layer 30, and a first recording layer 11 and a second recording layer 12 
45 formed between the substrate 40 and the protective layer 30. In addition, a first dielectric layer 21 is formed between 
the protective layer 30 and the first recording layer 1 1 and a second dielectric layer 22 is formed between the second 
recording layer 12 and the substrate 40. 

[0042] The substrate 40 serves as a support for supporting the second dielectric layer 22, the second recording layer 
12, the first recording layer 11 , the first dielectric layer 21 and the protective layer 30. The material used to form the 

so substrate 40 is not particularly limited insofar as the substrate 40 can serve as the support for the above-mentioned 
layers. The substrate 40 can be formed of glass, ceramic, resin or the like. Among these, resin is preferably used for 
forming the substrate 40 since resin can be easily shaped. Illustrative examples of resins suitable for forming the 
substrate 40 include polycarbonate resin, acrylic resin, epoxy resin, polystyrene resin, polyethylene resin, polypropyl- 
ene resin, silicone resin, fluoropolymers, acrylonitriie butadiene styrene resin, urethane resin and the like. Among 

55 these, polycarbonate resin is most preferably used for forming the substrate 40 from the viewpoint of easy processing, 
optical characteristics and the like. 

[0043] The thickness of the substrate 40 is not particularly limited but is preferably from 0.05 mm to 2.4 mm. If the 
substrate 40 is thinner than 0.05 mm, it is difficult to shape. On the other hand, if the substrate 40 is thicker than 2.4 
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mm, the weight of the optical recording medium 1 becomes great, making it difficult to handle. The shape of the substrate 
40 is not particularly limited but is normally disk-like, card-like or sheet-like. 

[0044] The first dielectric layer 21 and the second dielectric layer 22 serve to protect the first recording layer 1 1 and 
the second recording layer 12. Degradation of optically recorded information can be prevented over a long period by 
s the first dielectric layer 21 and the second dielectric layer 22. Further, since the second dielectric layer 22 also serves 
to prevent the substrate 40 and the like from being deformed by heat, it is possible to effectively prevent jitter and the 
like from becoming worse due to the deformation of the substrate 40 and the like. 

[0045] The dielectric material used to form the first dielectric layer 21 and the second dielectric layer 22 is not par- 
ticularly limited insofar as it is transparent and the first dielectric layer 21 and the second dielectric layer 22 can be 

10 formed of a dielectric material containing oxide, sulfide, nitride or a combination thereof, for example, as a primary 
component. More specifically, in order to prevent the substrate 40 and the like from being deformed by heat and thus 
protect the first recording layer 11 and the second recording layer 12, it is preferable for the first dielectric layer 21 and 
the second dielectric layer 22 to contain at least one kind of dielectric material selected from the group consisting of 
Al20 3 , AIN, ZnO, ZnS, GeN, GeCrN, CeO, SiO, Si0 2 , SiN and SiC as a primary component and it is more preferable 

« for the first dielectric layer 21 and the second dielectric layer 22 to contain ZnS- Si0 2 as a primary component. 

[0046] The first dielectric layer 21 and the second dielectric layer 22 may be formed of the same dielectric material 
or of different dielectric materials. Moreover, at least one of the first dielectric layer 21 and the second dielectric layer 
22 may have a multi-layered structure including a plurality of dielectric films. 

[0047] In this specification, the statement that a dielectric layer contains a certain dielectric material as a primary 
20 component means that the dielectric material is maximum among dielectric materials contained in the dielectric layer. 
ZnS-Si0 2 means a mixture of ZnS and Si0 2 . 

[0048] The thickness of the first dielectric layer 21 and the second dielectric layer 22 is not particularly limited but is 
preferably from 3 nm to 200 nm. If the first dielectric layer 21 or the second dielectric layer 22 is thinner than 3 nm, it 
is difficult to obtain the above-described advantages. On the other hand, if the first dielectric layer 21 or the second 
25 dielectric layer 22 is thicker than 200 nm, it takes a long time to form the first and dielectric layers 21 and 22, thereby 
lowering the productivity of the optical recording medium 1 , and cracks may be generated in the optical recording 
medium 1 owing to stress present in the first and/or second dielectric layer 22. 

[0049] The protective layer 30 serves to prevent the first recording layer 1 1 and the second recording layer 1 2 from 
being damaged when the optical recording medium 1 is in use or storage. 

30 [0050] The optical recording medium 1 according to this embodiment is constituted so that information is recorded 
by irradiating the first recording layer 11 and the second recording layer 12 with a laser beam via the protective layer 
30 and, therefore, the protective layer 30 must have light transmittance ability. The material used to form the protective 
layer 30 is not particularly limited insofar as it is transparent and the protective layer 30 can be formed by curing 
ultraviolet curing resin, for example. Illustrative examples of ultraviolet curing resins include SD698 (product designa- 

35 tion) manufactured by Dainippon Printing Co., Ltd. Instead of forming the protective layer 30 by curing an ultraviolet 
curing resin, the protective layer 30 may be formed using a light transmittable resin sheet and any of various kinds of 
bonding and adhesive agents. 

[0051 ] The thickness of the protective layer 30 is not particularly limited but is preferably from 1 \vm to 200 u/n. If the 
protective layer 30 is thinner than 1 u.m, it is difficult to protect the first recording layer 11 and the second recording 

40 layer 1 2 in a desired manner. On the other hand, if the protective layer 30 is thicker than 200 u,m, it is difficult to control 
the thickness of the protective layer 30 and the overall mechanical accuracy of the optical recording medium 1 . 
[0052] The first recording layer 1 1 and the second recording layer 1 2 are adapted for recording information therein. 
In this embodiment, the first recording layer 11 is disposed on the side of the protective layer 30 and the second 
recording layer 12 is disposed on the side of the substrate 40. This arrangement of the first recording layer 11 and the 

45 second recording layer 1 2 is advantageous in that information can be recorded with a laser beam having lower power. 
[0053] In this embodiment, the first recording layer 11 contains an element selected from a group consisting of Si, 
Ge, Sn, Mg, In, Zn, Bi and Al as a primary component and the second recording layer 12 contains Cu as a primary 
component. 

[0054] In order to considerably improve the C/N ratio of the reproduced signal, it is preferable for the first recording 
so layer 11 to contain an element selected from the group consisting of Ge, Si, Mg, Al and Sn as a primary component 
and more preferable for the first recording layer 11 to contain Si as a primary component. 

[0055] Cu contained in the second recording layer 1 2 as a primary component quickly mixes with the element con- 
tained in the first recording layer 11 when irradiated with a laser beam, thereby enabling information to be quickly 
recorded in the first recording layer 11 and the second recording layer 12. 
55 [0056] In order to improve the recording sensitivity of the first recording layer 11 , one or more elements selected 
from a group consisting of Mg, Al, Cu, Ag and Au may be further added to the first recording layer 11 . 
[0057] In order to improve the storage reliability and the recording sensitivity of the second recording layer 12, at 
least one element selected from the group consisting of Al, Si, Zn, Mg, Au, Sn, Ge, Ag, P, Cr, Fe and Ti may be further 
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added to the second recording layer 12. 

[0058] Among these elements, it is preferable to add Al, Si, Zn, Mg and/or Au to the second recording layer 12. In 
particular, when Al is added to the second recording layer 12, it is possible to markedly improve the stability of the 
second recording layer 12 to oxidation or sulfurization and to effectively prevent degradation of the appearance of the 
s optical recording medium 1 by peeling of the second recording layer 12 caused by corrosion of Cu contained in the 
second recording layer 12 as a primary component and change in the reflection coefficient of the optical recording 
medium 1 over long storage. 

[0059] On the other hand, from the viewpoint of improving recording sensitivity, it is preferable to add at least one 
element selected from the group consisting of Au, Zn and Sn to the second recording layer 12. Particularly, in the case 
10 where Au is added to the second recording layer 1 2, it is possible to markedly increase the recording sensitivity of the 
second recording layer 12. 

[0060] It is most preferable to add Al and Au to the second recording layer 12 in order to improve both the storage 
reliability and the recording sensitivity of the second recording layer 12. 

[0061] The amount of the element (elements) added to the second recording layer 1 2 is preferably equal to or more 
15 than 1 atomic % and less than 50 atomic %. When Al is added to the second recording layer 1 2, it is preferable to add 
Al so that the amount thereof is equal to or more than 5 atomic % and less than 45 atomic %, and when Zn is added 
to the second recording layer 1 2, it is preferable to add Zn so that the amount thereof is equal to or more than 2 atomic 
% and less than 45 atomic %. On the other hand, when Mg is added to the second recording layer 12, it is preferable 
to add Mg so that the amount thereof is equal to or more than 5 atomic % and less than 30 atomic %, and when Au is 
20 added to the second recording layer 1 2, it is preferable to add Au so that the amount thereof is equal to or more than 
5 atomic % and less than 45 atomic %. Further, when Si is added to the second recording layer 1 2, it is preferable to 
add Si so that the amount thereof is equal to or more than 2 atomic % and less than 30 atomic %. 
[0062] The thickness of the first recording layer 1 1 and the second recording layer 1 2 is not particularly limited insofar 
as the element contained in the first recording layer 11 as a primary component and the element contained in the 
25 second recording layer 12 as a primary component at a region irradiated with a laser beam L10 are quickly fused or 
diffused to quickly form a region where the primary component element of the first recording layer 11 and the primary 
component element of the second recording layer 12 are mixed, but the total thickness of the first recording layer 11 
and the second recording layer 1 2 is preferably equal to or less than 1 00 nm and more preferably equal to or less than 
50 nm. 

30 [0063] When the total thickness of the first recording layer 11 and the second recording layer 12 exceeds 100 nm, 
the mixing rate of the primary component element of the first and second recording layers 11 and 12 is low and it 
becomes difficult to record information at high speed. 

[0064] On the other hand, the total thickness of the first recording layer 11 and the second recording layer 12 is 
preferably equal to or larger than 2 nm. If the total thickness of the first and second recording layers 11 and 12 is less 
35 than 2 nm, the change in reflection coefficient between before and after irradiation with the laser beam L1 0 is small so 
that a reproduced signal having high strength cannot be obtained. 

[0065] The individual thicknesses of the first recording layer 11 and the second recording layer 1 2 are not particularly 
limited but in order to considerably improve the recording sensitivity and greatly increase the change in reflection 
coefficient between before and after irradiation with the laser beam L1 0, the thickness of the first recording layer 1 1 is 
40 preferably from 1 nm to 30 nm and the thickness of the second recording layer 12 is preferably from 1 nm to 30 nm. 
Further, it is preferable to define the ratio of the thickness of the first recording layer 11 to the thickness of the second 
recording layer (thickness of first recording layer 11 / thickness of second recording layer 1 2) to be from 0.2 to 5.0. 
[0066] The optical recording medium 1 having the above-described configuration can, for example, be fabricated in 
the following manner. 

45 [0067] The second dielectric layer 22 is first formed on the substrate 40, which is formed in advance with pre-grooving. 
[0068] The second dielectric layer 22 can be formed by a gas phase growth process using chemical species con- 
taining elements for forming the second dielectric layer 22. Illustrative examples of the gas phase growth processes 
include vacuum deposition process, sputtering process and the like. 

[0069] The second recording layer 12 is then formed on the second dielectric layer 22. The second recording layer 
50 12 can be also formed by a gas phase growth process using chemical species containing elements for forming the 
second recording layer 12. 

[0070] The first recording layer 11 is further formed on the second recording layer 12. The first recording layer 11 
can be also formed by a gas phase growth process using chemical species containing elements for forming the first 
recording layer 1 1 . 

55 [0071] In this embodiment, since the second recording layer 12 contains Cu as a primary component, the second 
recording layer 1 2 has excellent surface smoothness and, therefore, the first recording layer 1 1 can be formed on a 
base having excellent surface smoothness. 

[0072] The first dielectric layer 21 is then formed on the first recording layer 11 . The first dielectric layer 21 can be 
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also formed by a gas phase growth process using chemical species containing elements for forming the first dielectric 
layer 21 . 

[0073] Finally, the protective layer 30 is formed on the first dielectric layer 21 . The protective layer 30 can be formed 
by dissolving acrylic ultraviolet curing resin or epoxy ultraviolet curing resin in a solvent to prepare a resin solution and 
s applying the resin solution on the first dielectric layer 21 by a spin coating process. 
[0074] Thus, the optical recording medium 1 was fabricated, 

[0075] Information is recorded in the optical recording medium 1 of the above-described configuration, in the following 
manner, for example. 

[0076] As shown in Figure 1 (a), the first recording layer 11 and the second recording layer 12 are first irradiated via 
10 the protective layer 30 with a laser beam L10 having predetermined power. 

[0077] As shown in Figure 2, this results in formation at the region irradiated with the laser beam L10 of a mixed 
region 13 composed of a mixture of the primary component element of the first recording layer 11 and the primary 
component element of the second recording layer 12. 

[0078] It is preferable to employ a laser beam L1 0 having a wavelength of 250 nm to 900 nm for optical recording. 

is [0079] Further, in order to quickly mix the primary component element of the first recording layer 1 1 and the primary 
component element of the second recording layer 12 and form the mixed region 13, it is preferable to set the power 
of the laser beam L1 0 to be equal to or higher than 1 .5 mW at the surface of the protective layer 30. 
[0080] When the primary component elements of the first recording layers 11 and 12 are mixed, the reflection coef- 
ficient of the region markedly changes. Since the reflection coefficient of the thus formed mixed region 1 3 is therefore 

20 greatly different from that of the region surrounding the mixed region 13, it is possible to obtain a high reproduced 
signal (C/N ratio) when optically recorded information is reproduced. 

[0081] When the laser beam L10 is projected, the first recording layer 11 and the second recording layer 12 are 
heated by the laser beam L1 0. In this embodiment, however, the first dielectric layer 21 and the second dielectric layer 
22 are disposed outward of the first recording layer 1 1 and the second recording layer 1 2. Deformation of the recording 

25 layer 11 and the second recording layer 12 by heat is therefore effectively prevented. 

[0082] In this embodiment, since the second recording layer 12 contains Cu as a primary component, the second 
recording layer 12 has excellent surface smoothness and, therefore, It is possible to markedly improve the recording 
characteristic, particularly when information is recorded by a laser beam L10 having a reduced spot diameter. 
[0083] Figure 3 is a schematic enlarged cross-sectional view showing an optical recording medium which is another 

30 preferred embodiment of the present invention. 

[0084] As shown in Figure 3, the optical recording medium 2 according to this embodiment has the same configuration 
as that of the optical recording medium 1 shown in Figure 1 , except that it further includes a reflective layer 50 between 
the substrate 40 and the second dielectric layer 22. 

[0085] The reflective layer 50 is provided in order to increase the difference in reflection coefficient between a re- 
35 corded region and an unrecorded region by a multiple interference effect when the laser beam L1 0 is used to optically 
record information in the first recording layer 11 and the second recording layer 12, thereby obtaining a higher repro- 
duced signal (C/N ratio). 

[0086] The material used to form the reflective layer 50 is not particularly limited insofar as it can reflect light, and 
the reflective layer 50 can be formed of Mg, Al, Ti, Cr, Fe, Co, Ni, Cu, Zn, Ge, Ag, Pt, Au and the like. Among these 

40 materials, it is preferable to form the reflective layer 50 of a metal material having a high reflection characteristic, such 
as Ai, Au, Ag, Cu or alloy containing at least one of these metals, such as alloy of Al and Ti. 
[0087] The optical recording medium 2 according to this embodiment can be fabricated similarly to the optical re- 
cording medium 1 described above, except for the reflective layer 50. The reflective layer 50 can be formed by, for 
example, a gas phase growth process using chemical species containing elements for forming the reflective layer 50. 

45 [0088] Further, information can be recorded in the optical disk 2 according to this embodiment in the same way as 
information is recorded in the optical disk 1 shown in Figure 1 . 

[0089] In this embodiment, since the optical recording medium 2 includes the first recording layer 1 1 and the second 
recording layer 12 formed in the same manner as those of the optical recording medium 1 shown in Figures 1 and 2, 
when the laser beam L10 is projected onto the optical recording medium 2, the primary component element of the first 
so recording layer 11 and the primary component element of the second recording layer 12 mix at the region irradiated 
with the laser beam L10. Information can therefore be recorded in the optical recording medium 2 at a high speed and 
with high sensitivity. 

[0090] In this embodiment, since the optical recording medium 2 includes the reflective layer 50 between the substrate 
40 and the second dielectric layer 22, the difference in reflection coefficient between a recorded region and an unre- 
55 corded region is increased by a multiple interference effect when the laser beam L10 is used to optically record infor- 
mation in the first recording layer 1 1 and the second recording layer 1 2, whereby a higher reproduced signal (C/N ratio) 
can be obtained. 

[0091] Figure 4 is a schematic enlarged cross-sectional view showing an optical recording medium which is a further 



8 



EP 1 351 230 A2 



preferred embodiment of the present invention. 

[0092] The optical recording medium 3 according to this embodiment has the same configuration as that of the optical 
recording medium 1 shown in Figure 1 , except that the substrate 40 has light transmittance ability. 
[0093] In this embodiment, it is sufficient for the substrate 40 of the optical recording medium 3 to have light trans- 
5 mittance ability and the substrate 40 may be formed of the same material as used to form the substrate 40 of the optical 
recording medium 1 shown in Figure 1 or the same material as used to form the protective layer 30 of the optical 
recording medium 1 shown in Figure 1 . 

[0094] It is preferable for the substrate 40 of the optical recording medium 3 according to this embodiment to have 
the same thickness as that of the substrate 40 of the optical recording medium 1 shown in Figure 1 . 
10 [0095] When information is to be recorded in the optical recording medium 3 having the above described configura- 
tion, the second recording layer 12 and the first recording layer 11 are irradiated via the substrate 40 with the laser 
beam L10. 

[0096] In this embodiment, since the optical recording medium 3 includes the first recording layer 11 and the second 
recording layer 12 formed in the same manner as those of the optical recording medium 1 shown in Figures 1 and 2, 
is when the laser beam L1 0 is projected onto the optical recording medium 3, the primary component element of the first 
recording layer 11 and the primary component element of the second recording layer 12 mix at the region irradiated 
with the laser beam L10 and, therefore, information can be recorded in the optical recording medium 3 at a high speed 
and with high sensitivity. 

[0097] Further, similarly to the optical recording medium 1 shown in Figure 1 , a high reproduced signal (C/N ratio) 
20 can be obtained when optically recorded information is reproduced. 

[0098] Moreover, in the optical recording medium 3 according to this embodiment, it is possible to effectively prevent 
degradation of optically recorded information over the long term. 

[0099] Figure 5 is a schematic enlarged cross-sectional view showing an optical recording medium which is a further 
preferred embodiment of the present invention. 
25 [0100] The optical recording medium 4 according to this embodiment has the same configuration as that of the optical 
recording medium 3 shown in Figure 4, except that it includes the reflective layer 50 between the protective layer 30 
and the first dielectric layer 21 . 

[0101] When information is to be recorded in the optical recording medium 4 having the above described configura- 
tion, the second recording layer 1 2 and the first recording layer 11 are irradiated via the substrate 40 with a laser beam 
30 L10. 

[0102] In this embodiment, since the optical recording medium 4 includes the first recording layer 11 and the second 
recording layer 12 formed in the same manner as those of the optical recording medium 1 shown in Figures 1 and 2, 
when the laser beam L1 0 is projected onto the optical recording medium 4, the primary component element of the first 
recording layer 11 and the primary component element of the second recording layer 12 mix at the region irradiated 
35 with the laser beam L1 0 and, therefore, information can be recorded in the optical recording medium 4 at a high speed 
and with high sensitivity. 

[0103] Further, similarly to the optical recording medium 1 shown in Figure 1 , a high reproduced signal (C/N ratio) 
can be obtained when optically recorded information is reproduced. 

[0104] Moreover, in the optical recording medium 4 according to this embodiment, it is possible to effectively prevent 

40 degradation of optically recorded information over the long term. 

[01 05] Furthermore, since the optical recording medium 4 according to this embodiment includes the reflective layer 
50 between the protective layer 30 and the first dielectric layer 21 , similarly to the optical recording medium 2 shown 
in Figure 3, the difference in reflection coefficient between a recorded region and an unrecorded region can be increased 
by a multiple interference effect when the laser beam 10 is used to optically record information in the first recording 

45 layer 11 and the second recording layer 12, whereby a higher reproduced signal (C/N ratio) can be obtained. 

WORKING EXAMPLES AND COMPARATIVE EXAMPLES 

[01 06] Hereinafter, working examples and comparative examples will be set out in order to further clarify the advan- 
50 tages of the present invention. 

Working Example 1 

[0107] An optical recording medium having the same configuration as that of the optical recording medium 1 shown 
55 jn Figure 1 was fabricated in the following manner. 

[01 08] A polycarbonate substrate having a thickness of 1 . 1 mm and a diameter of 1 20 mm was first set on a sputtering 
apparatus. Then, a second dielectric layer containing a mixture of ZnS and Si0 2 and having a thickness of 60 nm, a 
second recording layer containing Cu as a primary component and having a thickness of 6 nm, a first recording layer 
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containing Si as a primary component and having a thickness of 6 nm and a first dielectric layer containing the mixture 
of ZnS and Si0 2 and having a thickness of 60 nm were sequentially formed on the polycarbonate substrate using the 
sputtering process. 

[0109] Further, the first dielectric layer was coated using the spin coating method with a resin solution prepared by 
5 dissolving acrylic ultraviolet curing resin in a solvent to form a coating layer and the coating layer was irradiated with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 1 00 u.m. 
[01 10] The mole ratio of ZnS to Si0 2 in the mixture of ZnS and Si0 2 contained in the first dielectric layer and the 
second dielectric layer was 80:20. 

[0111] A total of five optical recording media were fabricated in this manner. 

10 

Working Example 2 

[01 1 2] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
layer containing Ge as the primary component was formed. 
15 [0113] A total of five optical recording media were fabricated in this manner. 

Working Example 3 

[01 1 4] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
20 layer containing Sn as the primary component was formed. 

[01 15] A total of five optical recording media were fabricated in this manner. 

Working Example 4 

25 [01 1 6] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
layer containing Mg as a primary component was formed. 
[0117] A total of five optical recording media were fabricated in this manner. 

Working Example 5 

30 

[01 1 8] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 

layer containing Al as the primary component was formed. 

[01 19] A total of five optical recording media were fabricated in this manner. 

35 Working Example 6 

[01 20] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
layer containing Cu as a primary component and a second recording layer containing Si as a primary component were 
formed. 

40 [0121] A total of five optical recording media were fabricated in this manner. 
Working Example 7 

[0122] An optical recording medium was fabricated similarly to Working Example 1 , except that a first recording layer 
45 containing Cu as a primary component and a second recording layer containing Ge as a primary component were 
formed. 

[0123] A total of five optical recording media were fabricated in this manner. 
Working Example 8 

so 

[0124] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
layer containing Cu as a primary component and a second recording layer containing Sn as a primary component were 
formed. 

[0125] A total of five optical recording media were fabricated in this manner. 

55 

Working Example 9 

[0126] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
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layer containing Cu as a primary component and a second recording layer containing Mg as a primary component 
were formed. 

[0127] A total of five optical recording media were fabricated in this manner. 
5 Working Example 10 

[0128] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
layer containing Cu as a primary component and a second recording layer containing Al as a primary component were 
formed. 

10 [0129] A total of five optical recording media were fabricated in this manner. 
Comparative Example 1 

[0130] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
15 layer containing C as a primary component was formed. 

[0131] A total of five optical recording media were fabricated in this manner. 

Comparative Example 2 

20 [0132] An optical recording medium was fabricated in the manner of Working Example 1 , except that a first recording 
layer containing Cu as a primary component and a second recording layer containing C as a primary component were 
formed. 

[0133] A total of five optical recording media were fabricated in this manner. 

[0134] Information was recorded in the optical recording media fabricated in Working Examples 1 to 10 and Com- 
25 parative Examples 1 and 2 in the following manner. 

[0135] Specifically, the five optical recording media fabricated in each of Working Examples 1 to 1 0 and Comparative 

Examples 1 and 2 were sequentially set in a DDU1000 optical recording medium evaluation apparatus manufactured 

by Pulstec Industrial Co., Ltd. and information was optically recorded therein under the following conditions. 

[0136] A blue laser beam having a wavelength of 405 nm was employed as the laser beam for recording information 
30 and the laser beam was condensed onto each of the optical recording media via the protective layer using an objective 

lens whose numerical aperture was 0.85, and information was optically recorded therein under the following recording 

signal conditions. 

[0137] The optical recording of information was conducted by varying the power of the laser beam for each optical 
recording medium of the respective Working Examples and Comparative Examples. 
35 [0138] The recording signal conditions were as follows. 

Modulation Code: (1.7) RLL 

Channel Bit Length: 0.12 jun 

Recording Linear Velocity: 5.3 m/sec 

Channel Clock: 66 MHz 
40 Recording Signal: 8 T 

[0139] Information recorded in each of the optical recording media was then reproduced using the optical recording 
medium evaluation apparatus mentioned above and the C/N ratio of the reproduced signal was measured. When 
information was reproduced, the wavelength of the laser beam was set at 405 nm, the numerical aperture of the ob- 
jective lens was set at 0.85 and the power of the laser beam was set at 0.3 mW. 
45 [0140] The reproduced signal having highest C/N ratio was obtained for each of the optical recording media when 
information was recorded using the laser beam having the following power. The power of the laser beam was defined 
as the power of the laser beam on the surface of the protective layer. 

Working Example 1 : 6.0 mW 

Working Example 2: 4.7 mW 
so Working Example 3: 6.7 mW 

Working Example 4: 7.0 mW (*) 

Working Example 5: 7.0 mW (*) 

Working Example 6: 6.7 mW 

Working Example 7: 5.3 mW 
55 Working Example 8: 5.3 mW 

Working Example 9: 7.0 mW (*) 

Working Example 10: 7.0 mW (*) 

Comparative Example 1: 7.0 mW (*) 
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Comparative Example 2: 7.0 mW (*) 
[0141] The maximum power of the laser beam of the optical recording medium evaluating apparatus used for the 
experiment was 7.0 mW. Therefore, when the C/N ratio did not saturate even though the power of the laser beam was 
increased up to 7.0 mW, it was deemed that the power of the laser at which the reproduced signal having the maximum 
5 C/N ratio would be obtained exceeded 7.0 mW. This is indicated by designating the power value of the laser beam as 
7.0 mW affixed with an asterisk. 

[0142] The relationship between the power of the laser beam and the C/N ratio of the reproduced signal of each of 
the optical recording media in Working Example 1 is shown in TABLE 1 . 



TABLE 1 





Total thickness of first and 
second recording layers 
(nm) 


Power of laser beam when 
recording (mW) 


CAN ratio of reproduced 
signal (8T) (dB) 


Working 
Example 1 


12 


3.0 


49.3 


Working 
Example 1 


12 


4.0 


54.2 


Working 
Example 1 


12 


5.0 


55.2 


Working 
Example 1 


12 


6.0 


55.7 


Working 
Example 1 


12 


7.0 


55.6 : 



[0143] Optical recording media were further fabricated in accordance with Working Examples 1 to 1 0 and Compar- 
ative Examples 1 and 2 and information was optically recorded in a similar manner to the above using a laser beam 
having the power at which the reproduced signal having the maximum C/N ratio was obtained. 
[0144] The C/N ratio of the signal reproduced immediately after recording of information was measured for each of 
the optical recording media. 

[0145] The measurement results are shown in Table 2. 

TABLE 2 





First recording layer 


Second recording 
layer 


8T C/N (dB) 


Results of 
measurement 


Working Example 1 


Si 


Cu 


55.7 


® 


Working Example 2 


Ge 


Cu 


49.8 


® 


Working Example 3 


Sn 


Cu 


31.4 


® 


Working Example 4 


Mg 


Cu 


18.4 


0 


Working Example 5 


Al 


Cu 


18.7 


0 


Working Example 6 


Cu 


Si 


51.0 


® 


Working Example 7 


Cu 


Ge 


54.1 


® 


Working Example 8 


Cu 


Sn 


43.5 


© 


Working Example 9 


Cu 


Mg 


17.8 


o 


Working Example 10 


Cu 


Al 


19.8 


o 


Comparative 
Example 1 


C 


Cu 


Unmeasurable 


X 


Comparative 
Example 2 


Cu 


C 


Immeasurable 


X 
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[0146] As apparent from Table 1 , ft was found that the C/N ratio of the signal reproduced immediately after recording 
of information was of a measurable level in each of the optical recording media fabricated in accordance with Working 
Examples 1 to 10. In each of the optical recording media fabricated in accordance with Working Examples 1 to 3 and 
Working Examples 6 to 8, the C/N ratio of the signal reproduced immediately after recording of information was par- 
5 ticularly high, greater than 30 dB, and the recording and reproducing characteristics thereof were excellent. 

[0147] To the contrary, in each of the optical recording media fabricated in accordance with Comparative Examples 
1 and 2, it was found that the C/N ratio of the signal reproduced immediately after recording of information could not 
be measured and it was impossible to record and reproduce information. 

[0148] Further, the noise level and reflection coefficient of an unrecorded region of the optical recording medium 
10 fabricated in accordance with Working Example 1 and in which the signal reproduced immediately after recording of 
information was maximum were measured. 

[0149] Then, in order to determine the reliability of the optical recording medium in the environment where it would 
be actually used, it was held in a much severer environment than the severest it would be expected to encounter in 
actual application. Specifically, the optical recording medium fabricated in accordance with Working Example 1 was 
15 subjected to a storage test in which it was held at a temperature of 80 °C and relative humidity of 85 % for 50 hours. 
Following this test, the noise level and reflection coefficient of an unrecorded region were again measured and the rate 
of reflection coefficient reduction was calculated. 
[0150] The measurement results are shown in Table 3. 



20 TABLE 3 



25 



Noise level (dBm) 


Initial value 


-64.1 


After storage test 


-57.6 


Rate of reflection 
coefficient reduction 


27% 



[0151] As apparent from Table 3, it was found that when the optical recording medium fabricated in accordance with 
Working Example 1 was held at a temperature of 80 °C and relative humidity of 85 % for 50 hours, its noise level 
increased by 6.5 dBm and its unrecorded region reflection coefficient decreased by 27 %. Further, when the appearance 
of the optical recording medium was examined, it was found that the second recording layer containing Cu as a primary 
component was peeled off from the second dielectric layer. It can be considered that the increase in the noise level, 
the decrease in the reflection coefficient and the peeling of the second recording layer containing Cu as a primary 
component were caused by corrosion of Cu contained in the second recording layer as a primary component. 
[0152] Although such an increase in noise level and decrease in reflection coefficient do not cause the error rate of 
a reproduced signal to increase extremely in practical use, and there are few practical problems, it is desirable to 
suppress these changes as much as possible. On the other hand, as explained above, since the storage test was 
conducted by holding the optical recording medium in an environment much severer than the severest actual environ- 
ment in which it can be expected to be utilized, It can be considered that the optical recording medium fabricated in 
accordance with Working Example 1 would not incur peeling of the second recording layer containing Cu as a primary 
component in an actual utilization environment. However, for ensuring high storage reliability, rt is desirable to prevent 
the second recording layer containing Cu as a primary component from being peeled during such a storage test. 
[0153] Therefore, the relationship between the storage reliability of an optical recording medium and the kinds and 
amounts of additives was examined by adding various additives to the second recording layer containing Cu as a 
primary component. 

Working Example 11 

[0154] An optical recording medium having the same configuration as that of the optical recording medium 2 shown 
in Figure 2 was fabricated in the following manner. 

[01 55] A polycarbonate substrate having a thickness of 1 . 1 mm and a diameter of 1 20 mm was first set on a sputtering 
apparatus. Then, a reflective layer including an alloy containing Ag as a primary component and having a thickness 
of 100 nm, a second dielectric layer containing a mixture of ZnS and Si0 2 and having a thickness of 28 nm, a second 
recording layer containing Cu as a primary component and Al as an additive and having a thickness of 5 nm, a first 
recording layer containing Si as a primary component and having a thickness of 5 nm and a first dielectric layer con- 
taining a mixture of ZnS and Si0 2 and having a thickness of 22 nm were sequentially formed on the polycarbonate 
substrate using the sputtering process. 

[0156] Further, the first dielectric layer was coated using the spin coating method with a resin solution prepared by 
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dissolving acrylic ultraviolet curing resin in a solvent to form a coating layer and the coating layer was irradiated with 
ultraviolet rays, thereby curing the acrylic ultraviolet curing resin to form a protective layer having a thickness of 1 00 urn 
[0157] The mole ratio of ZnS to Si0 2 in the mixture of ZnS and Si0 2 contained in the first dielectric layer and the 
second dielectric layer was 80:20. 

Working Example 12 

[0158] An optical recording medium was fabricated in the manner of Working Example 1 1 , except that Zn was added 
to the second recording layer instead of Al. 

Working Example 13 

[01 59] An optical recording medium was fabricated in the manner of Working Example 1 1 , except that Mg was added 
to the second recording layer instead of Al. 

Working Example 1 4 

[01 60] An optical recording medium was fabricated in the manner of Working Example 1 1 , except that Au was added 
to the second recording layer instead of Al. 

Working Example 15 

[0161] An optical recording medium was fabricated similarly to Working Example 11 except that Si was added to the 
second recording layer instead of Al. 

Working Example 1 6 

[0162] An optical recording medium was fabricated in the manner of Working Example 11, except that Al and Au 
were added to the second recording layer. 

[01 63] Information was optically recorded in each of the optical recording media fabricated in accordance with Work- 
ing Example 11 to Working Example 1 6 by the same method as described above and the noise level immediately after 
recording of information and the reflection coefficient of an unrecorded region were measured. 
[0164] Then, each of the optical recording media fabricated in accordance with Working Example 11 to Working 
Example 1 6 was subjected to a storage test in which it was held at a temperature of 80 °C and relative humidity of 85 
% for 50 hours. Following this test, the noise level and reflection coefficient of an unrecorded region were again meas- 
ured and the rate of reflection coefficient reduction was calculated. 
[0165] The measurement and calculation results are shown in Tables 4 to 9. 

[0166] Figures 6 to 10 correspond to Tables 4 to 9. The graphs of Figures 6 (a), 7 (a), 8 (a), 9 (a) and 10 (a) show 
how rate of reflection coefficient reduction varies with amount of additive and the graphs of Figures 6 (b), 7 (b), 8 (b), 
9 (b) and 10 (b) show how noise level immediately after recording of information and after the storage test vary with 
amount of additive. 

[0167] Since the second recording layer contains Cu as a primary component in the present invention, the data for 
amounts of additive exceeding 50 atomic % are shown only for reference in Tables 4 to 9 and Figures 6 to 1 0. 



TABLE 4 



Amount of additive (atomic%) 


5 


9 


17 


27 


34 


48 


66 


Rate of reflection coefficient reduction 


19% 


17% 


5% 


4% 


-4% 


8% 


22% 


Noise level (dBm) 


Initial value 


-65.2 


-65.3 


-65.3 


-65.3 


-65.3 


-65.3 


-63.8 


After storage test 


-60.9 


-63.3 


-64.4 


-65.0 


-65.3 


-64.5 


-62.6 


Appearance 


Bad 


Good 


Good 


Good 


Good 


Good 


Good 



TABLE 5 



Amount of additive (atomic%) 


2 


5 


23 


32 


38 


43 


64 
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TABLE 5 (continued) 



5 



Rate of reflection coefficient reduction 


27% 


27% 


26% 


25% 


23% 


23% 


18% 


Noise level (dBm) 


Initial value 


-64.9 


-65.0 


-65.0 


-64.5 


-64.2 


-64.4 


-60.1 


After storage test 


-587 


-59.7 


-63.6 


-63.6 


-63.4 


-62.8 


-58.5 


Appearance 


Good 


Good 


Good 


Good 


Good 


Good 


Good 



10 TABLE 6 



15 



Amount of additive (atomic%) 


5 


10 


21 


39 


58 


Rate of reflection coefficient reduction 


21% 


13% 


2% 


3% 


6% 


Noise level (dBm) 


Initial value 


-64.5 


-65.2 


-64.4 


-64.8 


-65.3 


After storage test 


-63.6 


-64.8 


-63.3 


-63.9 


-63.5 


Appearance 


Bad 


Good 


Good 


Good 


Good 



TABLE 7 



Amount of additive (atomic%) 


5 


13 


28 


45 


64 


Rate of reflection coefficient reduction 


17% 


15% 


12% 


19% 


14% 


Noise level (dBm) 


Initial value 


-64.3 


-64.6 


-64.9 


-64.7 


-65.2 


After storage test 


-61.2 


-62.3 


-62.7 


-63.1 


-63,9 


Appearance 


Good 


Good 


Good 


Good 


Good 



TABLE 8 



35 



Amount of additive (atomic%) 


2 


7 


18 


32 


45 


Rate of reflection coefficient reduction 


17% 


12% 


9% 


2% 


4% 


Noise level (dBm) 


Initial value 


-64.3 


-64.6 


-64.5 


-64.7 


-64.1 


After storage test 


-61.2 


-62.3 


-63.1 


-63.2 


-61.1 


Appearance 


Good 


Good 


Good 


Good 


Good 



40 

TABLE 9 



Amount of additive (atomic%) 


Al 


17 


24 


23 


Au 


0 


6 


13 


Rate of reflection coefficient reduction 


5% 


9% 


2% 


Noise level (dBm) 


Initial value 


-65.3 


-65.8 


-65.8 


After storage test 


-64.4 


-65.6 


-65.6 


Appearance 


Good 


Good 


Good 


Recording sensitivity (mW) 


6.6 


5 


4.9 



[0168] As apparent from Table 4 and Figures 6 (a) and 6 (b), it was found that when Al was added to the second 
recording layer containing Cu as a primary component so that the amount thereof was equal to or more than 5 atomic 
55 %, increase in noise level and decrease in reflection coefficient after storage test were suppressed. However, it was 
found that when the amount of Al added to the second recording layer was excessive, initial noise level after recording 
information increased and rate of reflection coefficient reduction increased. Furthermore, when the amount of Al added 
to the second recording layer was equal to or more than 9 atomic %, increase in noise level and reflection coefficient 
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were suppressed and, in addition, no peeling of the second recording layer containing Cu as a primary component 
occurred. 

[0169] Further, as apparent from Table 5 and Figures 7 (a) and 7 (b), it was found that when Zn was added to the 
second recording layer containing Cu as a primary component so that the amount thereof was equal to or more than 

5 2 atomic %, increase in noise level and decrease in reflection coefficient after storage test were suppressed. However, 
it was found that when the amount of Zn added to the second recording layer was excessive, initial noise level after 
recording information increased. Furthermore, when the amount of Zn added to the second recording layer was equal 
to or more than 2 atomic %, increase in noise level and reflection coefficient reduction were suppressed and, in addition, 
no peeling of the second recording layer containing Cu as a primary component occurred. 

10 [0170] Moreover, as apparent from Table 6 and Figures 8 (a) and 8 (b), it was found that when Mg was added to the 
second recording layer containing Cu as a primary component so that the amount thereof was equal to or more than 
5 atomic %, increase in noise level and decrease in reflection coefficient after storage test were suppressed. However, 
it was found that when the amount of Mg added to the second recording layer was increased to an excessive level, 
recording sensitivity rapidly degenerated. Since the power of the laser beam therefore had to be increased, recording 

15 of information became difficult. Furthermore, when the amount of Mg added to the second recording layer was equal 
to or more than 10 atomic %, increase in noise level and reflection coefficient reduction were suppressed and, in 
addition, no peeling of the second recording layer containing Cu as a primary component occurred. 
[0171] Further, as apparent from Table 7 and Figures 9 (a) and 9 (b), it was found that when Au was added to the 
second recording layer containing Cu as a primary component so that the amount thereof was equal to or more than 

20 5 atomic %, increase of noise level and decrease in reflection coefficient after storage test were suppressed. However, 
it was found that the effect obtained by adding Au was substantially saturated if only a small amount of Au was added. 
Furthermore, when the amount of Au added to the second recording layer was equal to or more than 5 atomic %, 
j ncrease j n noise level and reflection coefficient reduction were suppressed and, in addition, no peeling of the second 
recording layer containing Cu as a primary component occurred. 

25 [0172] Moreover, as apparent from Table 8 and Figures 10 (a) and 10 (b), it was found that when Si was added to 
the second recording layer containing Cu as a primary component so that the amount thereof was equal to or more 
than 2 atomic %, increase in noise level and decrease in reflection coefficient after storage test were suppressed. 
However, it was found that when the amount of Si added to the second recording layer was excessive, C/N ratio 
decreased. Furthermore, when the amount of Si added to the second recording layer was equal to or more than 2 

30 atomic %, increase in noise level and reflection coefficient reduction were suppressed and, addition, no peeling of the 
second recording layer containing Cu as a primary component occurred. 

[01 73] Further, as apparent from Table 9, it was found that when Al and Au were added to the second recording layer 
containing Cu as a primary component, increase in noise level and decrease in reflection coefficient after storage test 
were suppressed. Moreover, no peeling of the second recording layer containing Cu as a primary component occurred. 
35 Furthermore, it was found that the recording sensitivity was improved in comparison with the case where only Al was 
added to the second recording layer. 

[01 74] Working Examples 11 to 1 6 therefore demonstrate that by adding Al, Zn, Mg, Au, Si or Al and Au to the second 
recording layer containing Cu as a primary component noise level increase and rate of reflection coefficient reduction 
can be suppressed and peeling of the second recording layer containing Cu as a primary component can be prevented 

40 even when the optical recording medium is held under a severe environment for a long time. 

[01 75] The present invention has thus been shown and described with reference to specific embodiments and work- 
ing examples. However, it should be noted that the present invention is in no way limited to the details of the described 
arrangements but changes and modifications may be made without departing from the scope of the appended claims. 
[0176] For example, although the first recording layer 11 and the second recording layer 12 are formed in contact 

45 with each other in the above described embodiments and working examples, it is not absolutely necessary to form the 
first recording layer 11 and the second recording layer 12 in contact with each other but it is sufficient for the second 
recording layer 1 2 to be so located in the vicinity of the first recording layer 1 1 as to enable formation of a mixed region 
including the primary component element of the first recording layer 11 and the primary component element of the 
second recording layer 1 2 when the region is irradiated with a laser beam. Further, one or more other layers such as 

so a dielectric layer may be interposed between the first recording layer 11 and the second recording layer 1 2. 

[0177] Furthermore, although the optical recording medium 1, 2, 3, 4 in the above described embodiments and 
working examples includes the first recording layer 1 1 and the second recording layer 1 2, the optical recording medium 
may include one or more recording layers containing an element selected from the group consisting of Si, Ge, Sn, Mg, 
In, Zn, Bi and Al as a primary component or one or more recording layers containing Cu as a primary element, in 

55 addition to the first recording layer and the second recording layer. 

[0178] Moreover, although the first recording layer 1 1 is disposed on the side of the protective layer 30 and the second 
recording layer 12 is disposed on the side of the substrate 40 in the above described embodiments and working ex- 
amples, it is possible to dispose the first recording layer on the side of the substrate 40 and the second recording layer 
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on the side of the protective layer 30. 

[0179] Further, the optical recording medium 1 , 2, 3, 4 in the above described embodiments and working examples 
includes the first dielectric layer 21 and the second dielectric layer 22 and the first recording layer 11 and the second 
recording layer 12 are disposed between the first dielectric layer 21 and the second dielectric layer 22. However, it is 

s not absolutely necessary for the optical recording medium 1 , 2, 3, 4 to include the first dielectric layer 21 and the second 
dielectric layer 22, i.e., the optical recording medium 1, 2, 3, 4 may include no dielectric layer. Further, the optical 
recording medium 1 , 2, 3, 4 may include a single dielectric layer and in such case the dielectric layer may be disposed 
on either the side of the substrate 40 or the side of the protective layer 30 with respect to the first recording layer 11 
and the second recording layer 12. 

10 [0180] According to the present invention, it is possible to provide an optical recording medium which can be fabri- 
cated using materials that apply only light load to the environment and in which information can be recorded with high 
sensitivity and from which information can be reproduced with high sensitivity. 

[01 81] Further, according to the present invention, it is possible to provide an optical recording medium which includes 
a recording layer having excellent surface smoothness and whose characteristics can be improved when information 
15 is recorded by a laser beam having a reduced spot diameter and when information is reproduced by a laser beam 
having a reduced spot diameter. 

[0182] Furthermore, according to the present invention, it is possible to provide an optical recording medium which 
can suppress noise level increase and rate of reflection coefficient reduction and prevent the second recording layer 
containing Cu as a primary component from peeling even when the optical medium is held under a severe environment 
20 for a long time. 

[0183] Moreover, according to the present invention, it is possible to provide a method for optically recording infor- 
mation in an optical recording medium with high sensitivity. 



25 Claims 

1 . An optical recording medium comprising a substrate, a protective layer, a first recording layer containing an element 
selected from a group consisting of Si, Ge, Sn, Mg, In, Zn, Bi and Al as a primary component, and a second 
recording layer located in the vicinity of the first recording layer and containing Cu as a primary component. 

30 

2. An optical recording medium in accordance with Claim 1 wherein the second recording layer is formed so as to 
be in contact with the first recording layer. 

3. An optical recording medium in accordance with Claim 1 or 2 wherein the first recording layer contains an element 
35 selected from a group consisting of Ge, Si, Mg, Al and Sn as a primary component. 

4. An optical recording medium in accordance with any one of Claims 1 to 3 wherein at least one element selected 
from a group consisting of Al, Si, Zn, Mg, Au, Sn, Ge, Ag, P, Cr, Fe and 71 is added to the second recording layer. 

to 5. An optical recording medium in accordance with Claim 4 wherein at least one element selected from the group 
consisting of Al, Zn, Sn and Au is added to the second recording layer. 

6. An optical recording medium in accordance with any one of Claims 1 to 5 which further comprises a first dielectric 
layer between the protective layer and one of the first and second recording layers located on the side of the 

45 protective layer and a second dielectric layer between the substrate and the other of the first and second recording 

layers. 

7. An optical recording medium in accordance with any one of Claims 1 to 6 wherein the protective layer has light 
transmittance ability and wherein the first recording layer is disposed on the side of the protective layer and the 

so second recording layer is disposed on the side of the substrate. 

8. An optical recording medium in accordance with Claim 7 which further comprises a reflective layer between the 
substrate and the second dielectric layer. 

55 9. An optical recording medium in accordance with any one of Claims 1 to 6 wherein the substrate has light trans- 
mittance ability and the first recording layer is disposed on the side of the substrate and the second recording layer 
is disposed on the side of the protective layer. 
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10. An optical recording medium in accordance with Claim 9 which further comprises a reflective layer between the 
protective layer and the first dielectric layer. 

11. An optical recording medium in accordance with any one of Claims 1 to 8 wherein the first recording layer is 
5 disposed on the side of the protective layer and the second recording layer is disposed on the side of the substrate. 

12. An optical recording medium in accordance with any one of Claims 1 to 9 which is constituted as a write-once type 
optical recording medium. 

io 13. A method for optically recording information in an optical recording medium comprising a substrate, a protective 
layer, a first recording layer containing an element selected from the group consisting of Si, Ge, Sn, Mg, In, Zn, Bi 
and Al as a primary component, and a second recording layer located in the vicinity of the first recording layer and 
containing Cu as a primary component, the method for optically recording information comprising the step of irra- 
diating the first recording layer and the second recording layer with a laser beam having a predetermined power 

15 via one of the substrate and the protective layer, thereby forming a region where the element contained in the first 

recording layer as a primary component and the element contained in the second recording layer as a primary 
component are mixed. 

14. A method for optically recording information in accordance with Claim 13 wherein the second recording layer is 
20 formed so as to be in contact with the first recording layer. 

15. A method for optically recording information in accordance with Claim 13 or 14 wherein the first recording layer 
contains an element selected from a group consisting of Ge, Si, Mg, Al and Sn as a primary component. 

25 16. A method for optically recording information in accordance with any one of Claims 13 to 15 wherein at least one 
element selected from a group consisting of Al, Si, Zn, Mg, Au, Sn, Ge, Ag, P, Cr, Fe and Ti is added to the second 
recording layer. 

17. A method for optically recording information in accordance with Claim 16 wherein at least one element selected 
30 from the group consisting of Al, Zn, Sn and Au is added to the second recording layer. 

18. A method for optically recording information in accordance with any one of Claims 13 to 17 wherein the optical 
recording medium further comprises a first dielectric layer between the protective layer and one of the first and 
second recording layers located on the side of the protective layer and a second dielectric layer between the 

35 substrate and the other of the first and second recording layers. 

19. A method for optically recording information in accordance with any one of Claims 13 to 18 wherein the protective 
layer has light transmittance ability and wherein the first recording layer is disposed on the side of the protective 
layer and the second recording layer is disposed on the side of the substrate. 

40 

20. A method for optically recording information in accordance with Claim 19 wherein the optical recording medium 
further comprises a reflective layer between the substrate and the second dielectric layer. 

21 . A method for optically recording information in accordance with any one of Claims 1 3 to 1 8 wherein the substrate 
45 has light transmittance ability and the first recording layer is disposed on the side of the substrate and the second 

recording layer is disposed on the side of the protective layer. 

22. A method for optically recording information in accordance with Claim 21 wherein the optical recording medium 
further comprises a reflective layer between the protective layer and the first dielectric layer. 

50 

23. A method for optically recording information in accordance with any one of Claims 13 to 20 wherein the first re- 
cording layer is disposed on the side of the protective layer and the second recording layer is disposed on the side - 
of the substrate. 

55 24. A method for optically recording information in accordance with any one of Claims 13 to 21 wherein the optical 
recording medium is constituted as a write-once type optical recording medium. 
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FIG. 3 
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FIG. 7 
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FIG. 9 
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FIG. 10 
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